introduction
Spatial distribution, habitat selection and site preference of cattle in rangelands have been studied in the past (Smith et al., 1992; Bailey et al., 1996; Santos et al., 2003) , and there are strong indications that in many foraging environments cattle do not uniformly exploit the area available to them (Arnold, 1981; Gillen et al., 1984; Irving et al., 1995) . Nevertheless, previous studies provided little information on the site selection of freeranging herds in Mediterranean grasslands, in general, and on possible differences between breeds, in particular.
During the last 15 yr, Global Positioning System (GPS) devices were used by many workers (Bailey et al., 2004 (Bailey et al., , 2006 Brosh et al., 2006; Hunt et al., 2007; Henkin et al., 2012) to monitor foraging activity and behavior of cows on pasture. The Mediterranean rangelands of Israel are predominantly foraged by large-breed cattle, but there are also lesser numbers of the smaller Baladi (BA) cow, which is an indigenous breed found throughout the Southern Mediterranean basin (Maule, . The locations of the cows were determined at 5-min intervals for 3 to 4 d during each season by using Global Positioning System (GPS) collars. The distances between consecutive locations and the average locations of each breed at each hour of the day in each season were calculated. The Lateral Foraging Index (LFI) was calculated as the ratio between the average distance per day travelled by the cows of each breed and the perimeter of the diurnal itinerary of that breed, which was calculated from its hourly average locations. The 2 breeds maintained similar diurnal patterns of foraging and resting, characterized by morning and afternoon foraging, and resting at midday and during the night. In summer this pattern was more distinctive, with longer resting periods and more intense foraging periods than in winter, when the noon rest was shorter and only partial. The diurnal routes differed (P < 0.001) between the breeds in all seasons, in their locations, their travelling time, or both. The BA cows were more active than the BS cows in all seasons: they travelled longer distances (P < 0.001) and foraged for more hours during the day (P < 0.001). For both breeds the LFI was numerically greater in winter and spring (February, and March) than in summer (June and September), and it was numerically greater for BA than for BS cows in most seasons.
1990). In addition to its reputation for hardiness and disease resistance, it is believed that 2 features render the BA better adapted to harsh conditions than the heavier beef breeds: better of intake utilization efficiency and lower relative locomotion costs because of their small stature. The objectives of the present study were 1) to compare, on a whole-year basis, the spatial distribution and activity of 2 cattle breeds-BA and Beefmater × Simford (BS)-that differ greatly in body size and weight and 2) to study the diurnal patterns of foraging and the diurnal itineraries of the 2 breeds during the various seasons of the year. The raw GPS data used in the present study were those that were used by Aharoni et al. (2013) , with the addition of 1 season (June 2007) that was not included in the earlier study because heat production values of the cows were not available.
MAtEriAlS And MEtHodS
Research protocols of this study were approved by the Agricultural Research Organization Institutional Animal Care and Use Committee.
Experimental Site
The study was conducted at the Karei Deshe experimental farm, located in eastern Galilee in north-eastern Israel (longitude 35°35¢ E; latitude 32°55¢ N; altitude 210 to 310 m above sea level; Gutman et al., 1990 Gutman et al., , 1999 Aharoni et al., 2009 Aharoni et al., , 2013 . The area is hilly, with slopes generally < 10%. The site has a Mediterranean climate, characterized by wet, mild winters and dry, hot summers. Mean annual rainfall is 570 mm, falling mostly from November to March. There are at least 6 mo (May through October) with little or no precipitation. Soils are shallow, brown, basaltic protogrumusols covering basalt rock, and about 30% of the area is covered by exposed basalt boulders (Gutman and Seligman, 1979) , within a rich hemicryptophytic grassland (Zohary, 1973) dominated by Hordeum bulbosum L., Echinops spp., Bituminaria bituminosa L., and many annual species (Sternberg et al., 2000 [June] , and autumn [September]) in 2006 the comparison was conducted at 2 stocking rates: adjacent paddocks of 22 ha (Paddock 1) and 34 ha (Paddock 2) were assigned to high and low stocking rates of 1.8 and 0.9 cows/ha, respectively. Eight BS cows and 8 BA cows were assigned for measurement in each paddock, and additional cows of both breeds were introduced to the paddocks to reach the designated stocking rates and to serve as measured cows if necessary. The same cows were used in 2007, when the gates between paddocks 1 and 2 were opened to form 1 common paddock with a stocking rate of 1.5 cows/ha, and monitoring continued during 3 additional seasons: winter (February), early spring (March), and summer (June).
Totals of 16 BA and 22 BS cows were monitored during the experiment, but the numbers of monitored cows in each season and paddock ranged from 3 to 11 and 2 to 13 for BA and BS cows, respectively. The BS and BA cows foraged together in the same paddock in all 9 season/paddock combinations, and 105,588 location records were collected during the entire experiment. No supplements were added to the paddocks during 5 of the 6 seasons of measurements; dry poultry litter was provided for ad libitum consumption during the September 2006 measurements.
Cow Measurements
The locations of the cows were determined with the aid of GPS collars. We used 2 alternative devices: 1) Lotek GPS collars of the 2200 and 3300 Series (Lotek Engineering Inc., Newmarket, Ont., Canada); and 2) Trilogical GPS collars (Trilogical, Rishon-LeZion, Israel), especially designed for the present study according to our specifications. In both collars the GPS antenna faced the sky from a horizontal orientation when the cow was upright. The accuracy of both devices was measured by leaving them for several hours on the ground and testing the distribution of the recorded locations. This procedure was repeated with 2 instruments of each device twice: once at the Newe Yaar Research Center and a second time at the experimental field in Karei Deshe. The standard deviation of these records was found to be 7 m for both devices. The GPS devices integrated and stored location data according to global coordinates (global network WGS84) at 5-min (Lotek) or 1-min (Trilogical) intervals; in the latter case we used only the last record of each 5-min group. After downloading from the GPS devices, the longitude and latitude coordinates were transformed to metric Israel Transverse Mercator (itM) coordinates using ArcView 9.3 software, and then projected on the GIS map of the experimental area. In the first article in this series (Aharoni et al., 2013) the GPS data were integrated with measurements of heart rate (which were transformed to heat production) and activity to compute energy costs of the dif-ferent activities. We included in that analysis only cows that provided data from all 3 devices simultaneously for at least 36 h. For the sake of consistency the same cows were used in the present as in the previous analysis for the 5 seasons that were reported there. However, here we added a sixth season (June 2007), for which heat production records were not available and therefore not reported previously. Table 1 lists the monitored cows, their breed, origin, family relationships among them, and the seasons and paddocks to which they were assigned. The number of cows of each breed in each season/paddock combination is reported in Table 1 . table 1. List of cows monitored in the study, sorted by breed (BA = Baladi; BS = Beefmaster × Simford cross), together with their site of origin, birth yr, yr of transfer to Karei Deshe (KD yr), relationship, and season and paddock (P1, P2 or united-PU) of cow assignment. The number (n monitored) of cows from each breed in each season/paddock combination is summed. The number (n in paddock) of cows of each breed in the paddocks is presented as well 
Data Analysis
The average location and its standard error of each breed at each hour of the day were calculated within each season/paddock combination and subjected to 2-way Analysis of Variance (AnoVA; unbalanced design) with cattle breed and hour of the day as independent variables, and location (on either the X or the Y axis) as the dependent variable. These estimates were corrected for cow age by including it as a covariate in the analysis. Distances walked by each cow were calculated from its successive locations, which were recorded at 5-min intervals. These distances were then analyzed within each season/paddock combination. The average 5-min distance and its SE were then multiplied by 12 or by 288 to obtain the distance per hour or per day, respectively. The perimeter of the diurnal itinerary of each breed in each season/paddock combination was calculated as the sum of the distances between average locations of successive hours of the day. This diurnal itinerary was calculated for a 24 h period of a notional day that averages the hourly locations of each breed across all the measurement days in the season. All the analyses were performed with the Genstat-7 software (VSN International, 2003) .
For each season/paddock combination we defined the Lateral Foraging Index (lFi) as the ratio between the daily distance walked by the cows and the daily perimeter of the diurnal itinerary of each breed. This index represents the ratio between the sum of 24 straight-line distances between successive hourly breed-average locations and the actual distance walked by the cows during those 24 h.
rESultS

Diurnal Routes
The average location of each breed at each hour of the day in each season/paddock combination is presented in Fig.  1 . Diurnal itineraries of both breeds were shorter in winter (February; Fig. 1D ) and early spring (March; Fig. 1E ) than in other seasons, and shorter in paddock 1 than in paddock 2 in the 3 seasons in 2006, when the paddocks were foraged separately. Cows of both breeds took their noon rest at the southern edge of their diurnal itinerary and their night rest near to its northern edge. It should be noted that in both paddocks the water troughs were located at the southern edge, but cows exhibited the same pattern even in winter, when they did not use these troughs and took their noon rest far from them. The diurnal itineraries of both cattle breeds in all seasons were clockwise, i.e., their movement from the noon rest to the night rest took a westerly route, and their movement back from night rest to noon rest took an easterly route.
There were significant differences between the diurnal itineraries of the respective cattle breeds in most of the season/paddock combinations. Table 2 presents the significance of the effects of Breed, Hour, and Breed × Hour interaction for the X and Y axes. The hour effect was highly significant (P < 0.001) for both X and Y axes in all seasons; breed effect was highly significant (P < 0.001) for the X and Y axes in 7 and 8, respectively, of the 9 season/paddock combinations. The effect of the Breed × Hour interaction was also very significant (P £ 0.002) in 8 of the 9 season/ paddock combinations for both X and Y axes.
Movement Intensity and Distances
The velocity (distance per hour) of movement of each cattle breed in each season/paddock combination is presented in Fig. 2 . The diurnal pattern of movement of both breeds changed from several peaks of movement in winter to 2 distinct peaks-one in early morning the other in late afternoon-separated by long periods of rest around midday and midnight, in summer. Although the diurnal patterns of the 2 breeds were similar within each season/paddock combination, some distinct differences between them were observed: for example, in June 2007 BA cows began both their morning and afternoon bouts of intense movement earlier than BS cows. Figure 3 presents the distances between average locations of the 2 respective cattle breeds in each season/paddock combination at each hour of the day. The diurnal patterns of these distances changed among seasons: distances were similar throughout the day in winter and early spring; they were larger in the daytime than at night in April; in autumn (September) the pattern reversed, so that nighttime distances were larger than daytime ones. Table 3 presents the daily distances walked by the two breeds, the perimeters of their daily itineraries in each season/paddock combination, and the LFI indexes, each calculated as the daily distance walked divided by the associated perimeter. For both cattle breeds this index tended to be greater in winter and spring, when the herbage was of high or variable quality, and smaller in the summer; across seasons, it tended to be greater for BA than for BS cows.
diScuSSion
Seasonal and Diurnal Spatial Distributions
After midnight, cows of both breeds moved southwards from the northern ends of their diurnal itineraries, along an eastern path to their midday rest area. From there, after their midday rest, they moved northwards, along a western path, to their night rest area. Although this pattern was repeated in all seasons, we suggest that this clockwise circling was dictated by external factors related to landscape features, and not by internally driven tendencies of the cows; this pattern was not evident when the same BS cows foraged another paddock a year later (A. Brosh, A. Dolev, and Z. Henkin, unpublished data) .
The cows of the 2 breeds moved in separate groups in all season/paddock combinations (Fig. 1) . The routes of the 2 breeds were closer to each other in summer (June and September) than in winter (February and March) but, even when they almost coincided spatially, e.g., in table 2. Age-covariated Effects of breed, hour of day, and the interaction Breed × Hour, on the hourly average location of cows in the various seasons. Parameters of the statistical analysis: df = degrees of freedom, F = F value, P = significance of the difference P2 during June and September 2006, they were temporally separated, as indicated by the significant effect of the Breed × Hour interaction on the hourly average locations of the 2 breeds (Table 2 ). This finding implies that even when the 2 breeds took the same route, they did so at different times. The differing selections of diurnal routes, especially in winter when the herbage was of high quality, might be the result of differing preferences of the 2 breeds for herbage species, of the readiness of the BA cows to spend more time on foraging and to walk longer distances than the BS ones so as to select their food more carefully, or both (Aharoni et al., 2013) . However, the finding that the 2 groups moved separately even when they selected the same routes suggests that the cows in each group preferred the proximity of cows of their own breed to that of the other breed, even though there were no family relationships among the cows in either group (Table 1) .
Diurnal Movement and Rest
In all season/paddock combinations cows of both breeds tended to forage mainly during separate morning and afternoon bouts, and the seasonal changes in the diurnal patterns of movement and rest (Fig. 2) were similar between the 2 breeds, as determined by day length and am- bient temperature: in winter and early spring (February and March) the morning and afternoon foraging bouts began at about 0500 and about 1400, respectively, but there was only partial resting during the intervening midday hours, i.e., at any given moment during the rest period, some cows of each breed probably were foraging. The night rest in the winter was also not strictly synchronized among animals; at any given hour some movement was recorded. During June (longest day) the morning foraging bout began at about 0300, i.e., about 1.5 h before sunrise, the afternoon bout at about 1600, and the cows of both breeds rested near the water troughs from 0700 to 1500. The night rest of both breeds occurred, away from the water troughs, between 2100 and 0300, with very little movement during this period. In conclusion: the bimodal movement pattern was much more distinctive in summer than in winter, and an intermediate pattern was recorded in April.
Generally, although the diurnal patterns of the 2 breeds were similar within seasons, there were some differences, and in most season/paddock combinations the BA cows were more active than the BS cows: in paddock 1 in June, during both 2006 and 2007, BA cows began the morning foraging before BS cows-an observation that could account for the significant effect of the Breed × Hour interaction on the average hourly location of cows (Table 2) , even though the diurnal itineraries of the 2 breeds in this season were almost identical (Fig. 1) .
The site that BA cows selected for the night rest was far (at least 100 m) from that of BS cows during 5 out of the 9 season/paddock combinations (Fig. 3) . It is possible that cows of the 2 breeds selected different resting sites because of their differing body sizes or temperaments, but it is also possible that BA cows preferred to rest away from the bigger BS cows. For both breeds the midday rest location during all seasons except winter was dictated by their requirement for drinking water, therefore, both breeds took their midday rest at the same location, i.e., by the water troughs.
Spatial Interrelationships between Breeds
There is a lack of information regarding spatial relationships between bigger and smaller cows in grazing paddocks. Some relevant knowledge could be inferred from a study by Šárová et al. (2010) , who examined the behavior of dominant and subordinate animals within a group of beef cows on pasture; they reported that dominant cows were closer to the front of the herd during both travelling and foraging, and that their pathway from one eating station to the next during foraging was shorter than that of subordinate cows. These findings suggest that subordinate cows preferred to move behind the dominant cows while travelling and foraging, and to get to the desired eating patches in the paddock in a more indirect way, to avoid confrontation with the stronger cows. Rook et al. (2004) suggested that grazing livestock could be considered to affect biodiversity in pastures by the creation and maintenance of sward structural heterogeneity, particularly as a result of dietary choice; they attributed this effect mainly to differences in body size. Aharoni et al. (2009) also suggested that BA cows were more selective in their foraging than BS cows when the herbage quality in the paddock was varied.
If we assume, with regard to the present study, that the BS cows took a dominant position over the BA cows because of their greater weight, then it also could be suggested that the BA cows selected a movement strategy that minimized confrontation with the BS cows; by preferring different routes from the BS cows because of selectivity differences the BA cows avoided such confrontation. However, when the 2 breeds moved along similar routes, the BA animals preferred to start their dawn and dusk foraging periods earlier than the bigger BS cows, rather than moving behind them, and thereby were able to maintain a safe distance between the groups, without compromising their direct access to desired eating patches. The advantage of this strategy is reflected also in the ratio between the respective breeds' LFI (Table 3) , which was close to 1 in some of the summer seasons, when the 2 breeds selected similar diurnal routes (Fig. 1) . This ratio was also close to 1 in February, but in that season the 2 breeds selected different diurnal itineraries, therefore the movement of the BS cows did not threaten the BA cows. The BA cows' strategy of keeping a safe distance from the BS cows can also be observed in the selection of noon and night resting sites in different seasons: in winter and early spring, when the cows did not need to drink frequently, the 2 breeds used different rest sites both at midday and at night, but in the summer BA cows preferred to rest near the water troughs at midday even though the BS cows rested at the same site, whereas for the night rest the BA cows selected different sites from the BS cows. If maintaining a safe distance from the BS cows was a substantial consideration in the BA cows' strategy, then their LFI might be smaller during some seasons if BS cows were not present in the same paddock.
Conclusions
The small-framed BA cows exploited their relative advantage of lower specific costs of activity (Aharoni et al., 2013) , especially when the weather was hot and herbage quality was low; they selected diurnal movement itineraries that were either different from those selected by the BS cows, or spatially similar but temporally separated. It is suggested that BA cows were more selective in seasons in which the quality of the herbage in the paddock was highly variable and, moreover, that the small-framed BA cows were more adaptable than the large-framed BS cows to hot weather conditions and poor-quality herbage.
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